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(54) Abstract Title: Managing the operating frequency of blades 



(57) In a system, method and apparatus for managing the 

operating frequency of blades in a blade-based computer 
system (100) based upon performance requirements, a 
first blade (120) that requires a specific power allocation is 
operated at a specific frequency and consumes a portion 
of the thermal and power budget for the blade-based 
computer system. A second blade (130) that requires a 
specific power allocation is operated at a specific 
frequency and consumes a portion of the thermal and 
power budget for the blade- based computer system (100). 
Additionally, the overall power and thermal budget of the 
blade-based computer system (100) is maintained. 
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PROCESSORS OR BLADES" .o Ricardo liSPINO/.A-IBARRA, e. al.; U S Pa.en, 

2 1 Applieation Serial No. 10/-.- (Attorney D<H.ket No. 100202882- 1 ), ent.tled "SYSTFM 

22 AND METHOD FOR MANAGINCi THE OPERATING FREQUENCY OF BLADES IN 

23 A BLAD,.:D-SYSTEM" ,o Ricardo liSPINOZA-IBARRA. et al.; U.S. Patent Appl.cat.on 

24 Serial No. 10/-.- (Attorney IX^cket No. 100202916-1). entitled "VOLTAfiE 
MANA(il-Mi:NT OF PR(X:ESS0RS IN A BLADED SYSTI^M BASED ON 
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1 being filed herewith under scpiitatc covers, the subjccl mnUcrs of which arc herein 

2 incorporated by reference. 

3 BACKGROUND 

4 Bladcd servers, or bladcd computer systems, arc computing systems that provision 

5 servers or other computer resources on individual cards, or blades. There are many types 

6 of blades - processor blades, server blades, storage blades, network blades, etc. and one 

7 or more of each type of blade is typically housed together in a single structure, thus 

8 creating high-density computing systems with modular architectures, ensuring flexibility 

9 and scalability of the systems, and reducing space requirements. Server blades, altmg 

10 with storage^ networking, and other blades, are typically installed in a rack-mountable 

1 1 enclosure, or chassis, which hosts multiple blades. The tnultiple blades share common 

1 2 resources such as cabling, power supplies, and cooling fans. 

13 The telecommunications industry has been using blade server technology for 

14 many years. More generally, the condensed blade server architecture benefits people and 

15 businesses that: (I) use the Internet to generate revenue and to provide services to 

16 customers; (2) are moving some of their business processes to the Web; and/or (3) need 

17 the flexibility to deploy Internet-edge applications in their own data center. Because of 

18 recent developments in technology, blade servers are now used for applications such as 

1 9 Web hosting, Web caching, and content streaming. 

20 In Web caching applications, frequently- requested Web content is stored closer to 

21 the user, thus allowing for quicker retrieval of objects by the user and reducing the tune 

22 and bandwidth required to access the Internet. Since companies and individuals are now 
2.3 streaming media (e.g., video and audio) to more efTeclively communicate both inlcrnally 

24 and externally, a massive growth of rich media content delivery on the Internet has 

25 occurred. DIaded servers are being used to meet the new demands created as a result of 

26 this growth. 

27 Though bladcd servers provide many advantages, .several engineering challenges 

28 arise when using bladcd servers. Among these challenges is the challenge of designing 
2*> and operating a bladcd .system such that sufllcient heat is dissipated in the limited space 

30 available in the chassis that hosts the system. To address heat dissipation challenges, 

31 bladed server .systems arc designed within an underlying power and thermal envelope. 

32 I or example, when a cha.ssis that hosts a bladcti system has a limited amount of airflow 

33 available to cool the blades (i.e., when the system can only dissipate a limited amount of 

34 heat), then the chassis is designed for a limited amount of power consumption and an 
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1 ussocatcd limited performance of the bbdcs. Son.c known power limiting siralcgics 

2 mcludc powering down a CPU func.,«„al uni.. e.g., a Hoating-pom, uni. or an on-die 

3 cache, or trad.ng ofl" speed for reduced power consumption in a hard drive. 
In a system where the ability of the chassis to cool is limited to X and there are Y 

5 blades, each blade can only approximately contribute X/Y to the dissipated power in the 

6 chassis. Thus, each blade is limited to the performance asscnriated with an X/Y power 

7 level. 

8 In a bladed architecture, multiple blades, each representing a separate sy.s.em, are 
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thermal requirements. SpeeiHeally. these requirements pu, a limit on the amount of power 
«hat can be consumed by the blades. This power limitation puts a limitation on the 

1 2 frequency that the proces.sors on the blade can run. and thus limits the performance, 

i 3 f»rior solutions included running all the blades at a performance level less than the 

14 blades' maximum in order to meet the overall chassis power and thermal cooling budget. 

1 5 Thus, the performance of each blade is limited to fall within these budgets 

16 SUMMARY 

«7 In one embodiment of the frequency management of blades in a bladed 

18 architecture based on performance requirements, a first blade that requires a specific 

19 power allocation is operated at a specific frequency and consumes a portion of the 

20 thermal and power budget for the blade-based computer .system. A .second blade that 

2 1 requires a specific power alKK-ation is operated at a specific frequency and consumes a 

22 portion of ,he thermal and power budget for the blade-ba.sed computer system 

23 AdditH,nally, the overall power and thermal budge, of the blade-based computer system is 

24 maintained. 

25 In another embcxliment of the frequency management of blades in a bladed 

26 architecture ba.scd on performance requirements, a first blade that requires a specific 

27 power alkH;a.ion is operated at a specific frequency and consumes a portion of the 
2X thermal and power budget for the blade-based computer system. A .second blade that 

29 requires a specific power alkH;ation is operated at a specific frequency and consumes a 

30 portion of the thermal and power budget for the blade-ba.sed computer .system. 

3 1 Additionally, a means to maintain the frequency level of at least the first blade or second 

32 blade is ulili/ed. 
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1 DESCRIPTION OF THE DRAWINGS 

2 The detailed description will refer to the following drawings, wherein like 

3 numerals refer lo like elements, and wherein: 

4 FIGURE 1 shows a block diagram depicting one embodiment of ihc basic 

5 modular building blocks of a bladed architecture system: 

6 FIGIJRK 2 illustrates a block diagram depicting one methodology of managing 

7 the operating frequency of individual blades by use of a manual configuration device; 

K I'KiURE ^ illustrates a block diagram depicting another method of managing the 

9 operating frequency of individual blades by use of resistors; 

10 FIGURE 4 illustrates a block diagram depicting another methixl of managing the 

1 1 operating frequency of individual blades by use of a microcontroller or microprocessor; 

12 FIGURE 5 illustrates a block diagram depicting another method of managing the 

13 operating frequency of individual blades by use of a field-programmable gate array 

14 (FPGA) or programmable logic device (PI.I>); 

15 FIGURE 6 illustrates a block diagram depicting another method of managing the 

16 operating frequency of individual blades by use of an l/O-Fxpander chip (I/OX); 

17 FIGURE 7 illustrate therein a bl(x:k diagram depicting the methods of managing 

1 8 the operating frequency of individual blades in an I A based architecture system; 

19 FIGURE 8 illustrates a block diagram depicting a scries of blades inside of a 

20 bladcd architecture chassis operating at the same frequency level; and 

21 FKiURFi 9 illustrates a bli>ck diagram depicting a series of blades inside of a 

22 bladcd architecture chassis operating at the dilferent frequency levels. 

23 DETAILED DESCRIPTION 

24 The preferred embodiments of the frequency management of blades in a bladed 

25 architecture based on performance requirements will now be described in detail with 

26 reference to the following figures, in which like numerals refer to like elements. With 

27 reference to FIGURE 1 of the Drawings, there is illustrated therein a block diagram 

28 depicting one embodiment of the basic nuKiular building bliKks of a bladed architecture 

29 system, as generally designated by the reference numeral 100. A management blade I 10 

30 supervises the functions of the chassis and provides a single interface to the consoles of 

31 all the servers installed. As shown in FKiURE I, server blades 120 are in communication 

32 with the management blade 1 10. The server blades 120 are, in turn, in communication 

33 with other blades that perform specific functions. For example, as seen in I KiURIt I, 

34 server blades 120 are in communication with fiber channel blades 130 and network blades 
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1 MO. It i.s to be appreciated th.it the various blades in a bladcd architecture system may be 

2 prcH:cssor blades, server blades, network blades, storage blades or storage interconnect 

3 blades, etc. 

4 As discussed above, it is desirous lo create a bladcd architecture .system in which 

5 each blade may run at a dittercnt frequency even though the blades may have the .same 

6 exact hardware and software. Blades that host applications that require higher 

7 pcrft,rmance are allowed to rrin at an increased frequency, and thus consume more of the 
chas.sis thermal and power budget. Blades .hat lu«t applications that require a lower level 
of performance are run at a lower frequency, and thus consume less of the chassis thern.al 
and power budget. As a result, the overall thermal and power requ.rements are still met 

1 1 on average, yet a more optimal performance solution is reached. Further, as the relative 

12 performance requirements on the blades change, the frequencies for the blades can be 

1 3 changed, thus changing the performance and thermal/power budget al location It is to be 

14 appreciated that the apparatus and methods di.sclo.scd herein can be applied to PA. I A 32. 

1 5 I A-64 or any processor blade technology. 

16 FIGURES 2-7 illustrate various methods for managing the operating frequency of 

1 7 the various processors or blades based upon performance rcx|uirements. In .some bladed 

18 architectures, the pnxxssor core frequency of the CPU is asynchronous to the bus 

19 operating frequency; therefore, a change to the proces.sor core frequency can be made 

20 independently of the system bus frequency. Currently. I lewlctl Packard uses the .SPHYR- 

21 T A.SIC as a frequency-synthesizer for generating the processor clock of the PA-RLSC 

22 .systems. However, one .skilled in the art w<H.ld readily recogni/e that other .synthesizers 

23 may al.so be u.sed. In other embodiments of pr.K;e.s.sor architectures, e.g.. I A-32 and lA- 

24 M. the pnK:essor core frequency of the CPU is not necessarily a.synchromn.s to the bus 

25 operating frequency. In lA processors the prcK:esst>r core frequency runs at .-. 

26 programmable multiple of the bus operating frequency. Managing the operating 

27 frequency of individual blades can be applied to both architectures by modifying the 
2X output of the cl(Kk chip, and thus, setting the prtKcssor frequency accordingly. 

29 CJenerally. frequency synthesi/.er chips used to generate the prtKcs.sor's clocks 

30 have parallel (,r serialized configuration bits that allow one to choose the ratio of the input 

3 1 clcKk to the output cl..ck (.synthesized frequency). This allows one to run the processors 

32 at a dilfercnt frequency upon reb.H,t of the blade. The frequency .synthesi/.er typically has 

33 an input frequency rr<.m a core crystal. Through c(,ntrolling the serial or parallel pin.s, the 

34 frequency synthesi/.er provides the output frequency ratio that is .sent to the processors. 
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1 One skilled in the ari would also appreciate that if multiple frequency synthesizers 

2 are utilized, i.e., two (for a 2- way system) or N (for an N-way system), to generate the 

3 prtnressor's clocks, the processors are able to operate at different frequencies within the 

4 range of frequencies supported by the processor. riCUJRHS 2-6 illusiraie different 

5 methodologies of the how the ratio pins of the different frequency s>Tithcsi/ers can be 

6 control led. It is to be appreciated the below described methodologies are used to 

7 modulate the frequency at the blade system level. 

8 With reference now to FICjURK 2 of the Drawings, there is illustrated therein a 

9 bliK-k diagram depicting one methodology of managing the operating frequency of 

10 indiv idual blades by use of a manual configuration device 210, as generally designated by 

1 1 the reference numeral 200. As seen in the figure, the manual configuration device 210 is 

12 added to a readily accessible part of the system. One of ordinary skill in the art would 

13 recognize that there are many common manual configuration devices that arc capable of 

14 performing the desired fiinction, e.g., dip switches, jumpers installed over pin headers, 

1 5 rotational configuration switches, and solder bridges, etc. Thus, the operator is allowed to 

16 set the frequency of the processors upon reboot of the unit, based on predetermined 

17 performance requirements. The input frequency 230 and signal 220 from the manual 

18 configuration device 210 are used to generate an output frequency 250 at the clock 

19 generator, or frequency synthesi/cr, 240 that is used by the processors for the blade 260. 

20 It is to be appreciated that this method of changing the frequency of the blade by use of a 

21 manual configuration device, and the other methods described herein below, may be 

22 applied to various types of processor architectures, e.g., PA-KISC.\ DFC Alpha, MIPS, 

23 PowerPC, SPARC, IA-32 and IA-64. 

24 With reference now to FIGURK 3 of the Drawings, there i.s illustrated therein a 

25 bkK:k diagram depicting another method of managing the operating frequency of 

26 individual blades, as generally designated by the reference numeral 300. Method 300 

27 manages the operating frequency of individual blades by use of a resi.sior 310. As seen in 
2X h lCiURH 3, the resist*)r 310 is added to a readily accessible part of the system. Thus, the 
2*^ operator is allowed to set the frequency of the blades upon rebtuM of the unit, ba.scd on 

30 predetermined performance requirements. An input frequency 330 and signal 320 from 

3 1 the resistor 310 are used to generate an output frequency 350 at a cliKk generator 340 that 

32 is used by prcKCSsors on the blade 360. 

33 With reference now to FICiURF 4 of the Drawings, there is illustrated therein a 

34 block diagram depicting the metluxl of managing the operating frequency of individual 
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1 Wades by use ot a microcontroller or microprixrcssor 420, as generally designated by ihc 

2 reference numeral 400. The niicriKontroller or microprocessor 420 is used to interface 

3 with the user of the system to ask lor the specific frequency al which each blade should 

4 run. As seen in I KiURF. 4, microcontroller or microproccssi.r 420 receives a signal on 

5 an \h' (Inler-IC) bus 410 from a GSP (service proccsst)r) or other controller. As >s 
known in the art. an I'C bus is a bi-directionai two-wire serial bus that provides a 

7 communication link betwc-en integrated circuits. Further, a person of ordinary skill in the 

K art would readily recot.ni/.e thai other control buses could perform the .same ftinclions and 

9 be substituted for the I'C bus described herein. The microcontroller or microprocessor 

10 420 outputs a parallel or serial control 430, based upon the specific frequency designated 

1 1 by the user. A cIcKk generator 450 uses an input frequency 440 and parallel or serial 

1 2 control 430 to generate an output frequency 460 uschI by the designated blade 470. The 

1 3 use of the microcontrol Icr or microprocessor 420 allows the user to control the frequency 

14 synthesizers in a more transparent way than the above described register and manual 

15 configuration device methods, i.e., the user does not necessarily need to know how the 

1 6 .settings of the configuration bits will affect the output. 

17 With reference now to FIGURE 5 of the Drawings, there is illustrated therein a 

1 8 block diagram depicting the method of managing the operating frequency of individual 

1 9 blades by use of a FPGA (field-programmable gate array) or PLD (programmable logic 

20 device) 520. as generally designated by the reference numeral 500. As known in the art, a 

21 1 KiA is a chip that can be programmed in the field after manufacture. The FPUA or 

22 PU) 520 is u.sed to receive commands from a higher-level device, e.g., the (iSP via an 

23 l-C bus 510, to control the configuration bits for the frequency synthesizer (or each 

24 s>Tithcsi/.cr). As seen in FIGURE 5, a clock generator 550. u.ses an input frequency 540 

25 and the cviirol from the FPCJA/PLD 530 to generate an output frequency 560 used by a 

26 prtxrcssor or blade 570. 1 .ike the use of the microcontroller/microprocessor 420 described 

27 in FKiUKF. 4. the I P(iA/PLD 520 allows the user to control the frequency synthesizers in 
2K a more transparent way. i.e.. the user dix:s not necessarily need to know how the settings 

29 of the configuration bits will affect the output. 

30 With reference now to FIGURK 6 of the Drawings, there is illusJtratcd therein a 

3 1 bkH;k diagram depicting the method of managing the cH>erating frequency of .ndividual 

32 blades by u.se of an 1/O-Hxpaiuler chip (I/OX) 620, as generally designated by the 

33 reference numeral 60C. As known in the art, an I'C based l/OX 620 is an inexpensive and 

34 .simple s-lution that can be used to transparently control each frequency .synthesizer. 
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1 I/ox chips 620 have I/O ports, which can be forced to a particular stale by vvTiting lo the 

2 I/OX through an VC command. Since I/OX typically have multiple WO ports, it is to be 

3 appreciated that one I/OX can be used to control multiple frequency synthesizers 

4 individually. 

5 Since I/OX chips are I"C-based, they can be controlled by any device that supports 

6 an I'C interface. In Hewlett Packard's PA-RISC Blades, a logical such device would be 

7 the service processor, or CiSF*, of the PA Blade. The uscr-friendly interface of the (JSP 

8 can be used to transparently allow the customer to control the frequency of the processors 

9 without need of any low-lcvcl information, e.g., bit-settings. The input from the CiSP is 
10 designated in FKiURH 6 by reference numeral 610. The user at the GSP inputs 
I I commands to increase the frequency of the priK-essor The (3SP then delivers the required 

12 bits lo change the ratio of the frequency generator, so that the prtxjessor will run at the 

13 desired level. The bit stream 610 is received by the I/OX 620. A clock generator 650 

14 then uses an input frequency 640 and a control signal 630 to generate an output frequency 

15 660 used by a processor or blade 670. 

With reference now to FIGURK 7 of the Drawings, there is illustrated therein a 

17 block diagram depicting the methods of managing the operating frequency of individual 

18 blades in an lA based architecture system, as generally designated by the reference 

19 numeral 700. As shown above, PA-bascd architectures have two frequency inputs that 

20 are taken into the processor: the proce,s.sor core input and the bus input. In lA-based 

21 architectures the serial or parallel control is not modulated. lA-based architectures 

22 program the processor core frequency to generate a multiple of the bus frequency. The 

23 programming of the processor core frequency is done during early bus initialization using 

24 multipurpose bus lines 730. This is typically controlled by the main core chipset that sits 

25 on the processor bus (C:FC) 720. Generally, a user intcrtace, e.g., a CiSP 710, is used to 

26 program the CFC 720 to generate the appropriate control signal during early system and 

27 bus initialization. The bus frequency is multiplied for a larger ratio to generate a higher 

28 frequency, performance and power, or for a smaller ratio lo generate a lower frequency, 

29 performance and power, depending on the application at the particular blade or proce.ssw 

30 760. 

31 With reference now to FiCiURIi 8 of the Drawings, there is illu.strated therein a 

32 block diagram depicting a series of blades inside of a bladed architecture chassis running 

33 at the same frequency, as generally designated by the reference numeral XOO. The 

34 shading of the individual bhtdes indicates that each individual blade is operating at the 
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1 same rrcqiicncy level. Operating blades at the same frequency is typical in current bladcd 

2 architecture systems. In addition, the shading illustrates thai each blade is operating at a 

3 level below the maximum level in order to remain under the maximum power alkx;ated to 

4 the system as a whole. As discussed, bladcd server systems are limited by an underlying 

5 power and thcrtnal envelope. This is due to the heat produced withm the blades and to 

6 the limited dimensions in the chassis. When the chassis consumes a given amount of the 

7 power, the chassis is typically limited in the amount of airllow that is available to ccx>l the 
X blades. As a result, the power limitation limits the frequency that the processors on the 
9 blade can run, and thus, limits the performance. The priKcssors within the blades are thus 

10 limited in their ability to operate at optimal performance and capacity because the 

1 1 processors are configured to operate at the same frequency a frequency below their 

12 maximum level. 

13 With reference now to FIGURE 9 of the Drawings, there is illustrated therein a 

14 block diagram depicting a scries of blades inside of a bladcd architecture chassis running 

15 at different frequencies based upon the individual blades performance requirements, as 

16 generally designated by the reference numeral 900. The shading of the figure indicates 

17 the level of ihc frequency at which the blade is being run. As seen in the ligurc, blades 

18 that host applications that require higher performance are allowed to run at an increased 

19 frequency, and thus consume more of the chassis thermal and power budget. Blades 

20 running at an increased frequency are indicated by the increased shaded area. Blades that 

21 host applications that require a lower level of performance are run at a lower frequency, 

22 and thus consume less of the chassis thermal and power budget. Blades running at a 
2.1 lower frequency are indicated in the figure by the decreased shaded area. It is to be 

24 appreciated that each blade may run at a different frequency even though the blades have 

25 the exact same hardware and software. 

As is known in the art, the different requirements for the different frequencies is 

27 dependent upon the actual applications that each blade is performing. l UajRf-: 9 

28 illustrates that blades with a higher power budget, and thus higher pertbrmance are run at 

29 a higher frequency, and blades that have a lower power budget, and thus lower 
.10 performance, are run at a lower frequency, while the overall power and thermal budget 

31 Ibr the chassis is maintained. Thus, the overall thermal and power requirements arc still 

32 n)ct on average, yet a more optimal performance solution is reached. Additionally, when 

33 the relative performance requirements on the blades change, the frequencies can be 

34 changed, thus changing the performance and thermal/power budget allocation, ft is to be 
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1 apprtciutcd thai the principles can be applied to l*A, 1A32. IA64 or any processor blade 

2 technology. 

3 It is lo be appreciated that the principles disclosed herein may be applied to a 

4 system comprised of processors or blades that share a common chassis or to an 

5 arehitecture system that spans multiple chassis. That is, the principles may be applied to 

6 systems that are divided by either a physical or logical partition. For example, physically, 

7 a system may include three chassis, with each chassis having eight priKCSSors. Logically, 

8 the same system could be partitioned into five diltcrent web servers for five dilTercnt 

9 customers. Power constraints within a chassis tyjiically concern the physical partition of 

10 the system. Power constraints imposed on a customer or application that is located in 

11 multiple chassis, typically concern logical partitions. One of ordinary skill in the art 

12 would readily recognize that the innovations described above may be applied to both 

13 physically and logically partitioned architectures. 

14 While the frequency management of blades in a bladed architecture based on 

15 ^ performance requirements has been described in connection with exemplary 

16 embodiments, those skilled in the art will understand that many modifications in light of 

17 these teaching arc possible, and this application is intended lo cover any variation thereof 
J 8 For example, the disclosed system and method makes use of specific I'C devices 

19 that arc used to receive signals from an I^C bus. Olher I'C devices could likewi.se be 

20 used. Thus, the I'C devices shown and referenced generally throughout this di.sclosure, 

21 and unless specifically noted, are intended to represent any and all device.s/tcchnt>logies 

22 appropriate to perform the desired function. Likewise, there are disclosed several 

23 processors and blades that perform various operations. The specific processor or bla<Je is 

24 not important to the disclosure. Thus, it is not applicant's intention to limit ihis disclosure 

25 to any particular form of proccs.sor, blade or specific blade architecture. 

26 Further examples exist throughout the di.sclo.sure, and it is not applicant's intention 

27 to exclude from the scope of this disclosure the use of structures, material.s, or acts that 

28 are not expressly identified in the specification, but nonetheless are capable of performing 

29 a claimed function. 
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1 In the claims: 

2 i. A method for managing the operating Trcqucncy of blades in a blade-based 

3 computer system (100), said method comprising the steps of: 

4 operating a first blade (120) at a first frequency, said first blade (120) hosting 

5 applications that require a first power allocation, wherein said first blade (120) consumes 

6 a portion of the thermal and power budget in said blade-based computer system (100) 

7 based upon said first power allocation; 

8 operating a second blade (130) at a second fi-equency, said second blade (130) 

9 hosting applications that require a second power allocation, wherein said second blade 

10 (130) consumes a portion of the themial and power budget in said blade-based computer 

1 1 system ( 1 00) based upon said second power allocation; and 

12 maintaining the thermal and power budget in said blade-based computer system 

13 (100) and optimizing performance in said blade-based computer system (100) by 

14 modulating at least one of said first frequency and said second frequency in said blade- 

1 5 based computer system ( 1 00). 

16 2. The method according to claim I, wherein said first blade (120) and said second 

1 7 blade ( 1 30) contain the same hardware and soAware. 

18 3, The method according to claim I, wherein said blade-based computer system 

19 (100) is based on an architecture chosen IVom the group consisting of: PA-RISC, DEC 

20 Alpha, MIPS, PowerPC, SPARC, IA-32 and lA-64. 

21 - 4, The method according to claim I , wherein the thermal and power budget 

22 allocation is altered according to a change in the performance requirements for individual 

23 blades in said blade-based computer system (100). 

24 5. The method according to claim 1, wherein each blade in said blade-based 

25 computer system (100) requires a unique power allocation. 

26 6. The method according to claim 5, wherein each blade in said blade-based 

27 computer system (100) is run at a frequency dependent upon said unique power 

28 allocation. 

29 7. A blade-based computer system ( 1 00) comprising: 

^0 a first blade (120) hosting applications that require a first power allocation, said 

31 first blade (120) operated at a first frequency, wherein said first blade (120) consumes a 

32 portion of the thermal and power budget in said blade-based computer system (100) based 

33 upon said first power allocation; 
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1 a second blade (130) hosting applications that require a second power allocation, 

2 said second blade (130) operated at a second frequency, wherein said second blade (130) 

3 consumes a portion of the thermal and power budget in said blade-based computer system 

4 ( I (K)) based upon said second power allocation; and 

5 wherein the overall thermal and power budget in said blade-based computer 

6 system (100) is maintained and performance in said blade-based computer system (100) is 

7 optimized by modulating at least one of said first frequency and said second frequency. 

8 8. The blade-based computer system according to claim 7, wherein said flrst blade 

9 ( 1 20) and said second blade ( 1 30) contain the same hardware and software. 

10 9. A system for managing the operating frequency of blades in a blade-based 

1 1 computer (100), said system comprising: 

12 a first blade (120) hosting applications that require a first power allocation, said 

13 first blade (120) operated at a first frequency, wherein said first blade (120) consumes a 

14 portion of the thermal and power budget in said blade-based computer (100) based upon 

1 5 said first power allocation; 

16 a second blade (130) hosting applications that require a second power allocation, 

17 said second blade (130) operated at a second frequency, wherein said second blade (130) 

18 consumes a portion of the thermal and power budget in said blade-based computer (100) 

19 based upon said second power allocation; and 

20 a management means for altering the frequency level of at least said first blade 

21 (1 20) or said second blade ( 1 30). 

22 10. The system according to claim 9, wherein said blade-based computer (HX)) is 

23 based on an architecture chosen from the group consisting of: PA-RISC, DEC Alpha, 

24 MIPS, PowerPC, SPARC. IA-32 and IA-64. 
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